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WEST NILE VIRUS (WNV)
emerged from relative
obscurity in 1999 when
the first incursion of the

virus into North America caused an out-
break of meningoencephalitis leading
to 7 deaths in the New York City area.1

By 2002, human and veterinary sur-
veillance documented geographic
spread westward to the Pacific Coast.
In the same year, WNV caused the larg-
est arboviral meningoencephalitis out-
break ever recorded in North America.2

Virology
West Nile virus is a single-stranded
RNA virus of the family Flaviviridae, ge-
nus Flavivirus, within the Japanese en-
cephalitis virus antigenic complex. This
complex includes several viruses asso-
ciated with human encephalitis: St
Louis encephalitis virus in the Ameri-
cas, Japanese encephalitis virus in East
Asia, and Murray Valley encephalitis vi-
rus and Kunjin virus (a subtype of
WNV) in Australia.3,4 Two lineages of
WNV exist. Only viruses belonging to
lineage 1 are associated with human dis-
ease; viruses in lineage 2 consist of Af-
rican isolates maintained in enzootic
cycles. The WNV variant circulating in
North America is from lineage 1, which
is genetically nearly identical to a strain
previously circulating in Israel, sug-
gesting Middle Eastern origin.3,4 How
WNV was imported to North America

is unknown. The virus has undergone
little genetic evolution since its initial
isolation in 1999.4

Ecology
The virus is maintained in a bird-
mosquito-bird cycle, with passerine
birds serving as the primary amplify-
ing hosts. In temperate regions, this
cycle begins in spring when mosqui-
toes first emerge and lasts until early fall
when female mosquitoes enter dia-
pause (physiologic dormancy) and in-
frequently bite. As with St Louis en-
cephalitis virus, mosquitoes from the
genus Culex are the principal mainte-
nance and amplifying vectors.2-4 When
significant amplification within the pas-
serine-Culex cycle occurs, other mos-
quitoes that act as bridge vectors that
bite both humans and birds may be-
come infected by mid to late summer.
Although many of the 37 North Ameri-
can mosquito species shown to harbor
WNV as of spring 2003 have been re-
ported to infrequently bite humans,2 it
is unclear whether most human infec-
tions have resulted from bites of the pri-
marily ornithophilic Culex species or
from bites of potential bridge vectors
(eg, Aedes and Ochlerotatus species).3,4

Significant avian mortality from
WNV has been reported only in the
United States, Canada, and Israel.3,4 As
of spring 2003, avian mortality has been
documented in 162 native and captive
species in North America. Mortality var-
ies by species, but approaches 100%
among laboratory-infected American
crows (Corvus brachrhynchos).5 Cer-
tain common bird species, such as
house sparrows (Passer domesticus), are
frequently infected during epizootics,
develop high-level viremia for several
days, and thus are likely to be impor-

tant amplifying hosts.5 Humans and
horses are unlikely to be important am-
plifying hosts since viremia in these or-
ganisms is short lived and low grade.3,4,6

West Nile virus can be isolated from
the feces and oral secretions of birds,
and bird-to-bird transmission can oc-
cur in the laboratory.5 Although birds
can become infected following inges-
tion of infected mosquitoes, birds, and
rodents, the importance of oral trans-
mission in nature is unknown.

Epidemiology
West Nile virus was first isolated in
1937 from a resident of the West Nile
district of Uganda.4 West Nile virus is
distributed extensively throughout
Africa, the Middle East, parts of Eu-
rope, western Russia, southwestern
Asia, and Australia (Kunjin virus sub-
type).3,4 From 1937 to the early 1990s,
human outbreaks, mainly associated
with mild febrile illnesses, were re-
ported infrequently in Israel and
Africa.3,4 However, recent outbreaks in
Romania (1996),7 Russia (1999),8 Is-
rael (2000),9,10 and the United States and
Canada (2002)2,11 have involved hun-
dreds to thousands of humans caus-
ing severe neurologic disease and have
coincided with emergence of new,
closely related WNV strains.3,4

Despite the known rapid geo-
graphic expansion of the virus in the
United States (FIGURE), reported cases
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were infrequent (62 cases in 1999, 21
in 2000, 66 in 2001) until a large out-
break, mostly occurring in the Ohio and
Mississippi River basins, resulted in
more than 4000 reported cases in 2002.2

The geographic distribution of cases
during 2002 was strikingly similar to
that of a large outbreak of St Louis en-
cephalitis virus in 1975.12 In Canada,
WNV was first detected in birds in On-
tario in 2001; in 2002, its epizootic ac-
tivity extended to 5 provinces, with ap-
proximately 400 human cases in
Ontario and Quebec.11 Coincident with
the peak transmission within the bird-
mosquito-bird cycle, approximately
85% of human infections occur in Au-
gust and September; however, human
illness has been reported in the United
States from May to December.2-4

Transmission to Humans
Nearly all human infections with WNV
have resulted from mosquito bites;
however, several novel modalities of
transmission were recognized in 2002.
For example, a pregnant woman was in-
fected with WNV while in her second
trimester, which was followed by trans-
placental transmission to the fetus.13

The infant, delivered at term, had cho-
rioretinitis, severe neurologic impair-
ment, and serum IgM antibody, and ce-
rebrospinal fluid (CSF) positive for
WNV. Three infants, whose mothers ac-
quired WNV during pregnancy, were
not infected (Daniel O’Leary, DVM, oral
communication, 2003, US Centers for
Disease Control and Prevention
[CDC]). Probable transmission via
breast milk had occurred when a lac-

tating mother acquired WNV through
blood transfusion.14 West Nile virus
RNA was detected in her breast milk.
Her infant remained asymptomatic but
developed IgM antibodies to WNV.
West Nile virus is a known but uncom-
mon occupational hazard for labora-
tory workers; 2 such infections aquired
via percutaneous inoculation were re-
ported in 2002.15

West Nile virus was transmitted to
4 recipients of organs from a single do-
nor who had been infected from a blood
transfusion contaminated with WNV 1
day before organ recovery.16 Subse-
quently, WNV transmission was docu-
mented in 23 recipients of transfused
platelets, red blood cells, or fresh fro-
zen plasma (Lisa Pealer, PhD, written
communication, 2003, CDC). The risk

Figure. States With Reported West Nile Virus Activity From 1999-2002, Reported as of May 2003
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In 2002, California reported only a single human case. All other states that reported human disease cases also reported West Nile virus infections in birds, horses, or
mosquitoes.
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of blood-borne transmission was esti-
mated to be as high as 21 per 10000 do-
nations in some cities at the peak of the
2002 epidemic.17

Clinical Illness
Most individuals infected with WNV re-
main aysmptomatic. Serologic survey
data indicate that the rates of WNV in-
fection are similar by age; however, the
frequency and severity of clinical ill-
ness increases as age increases.1,7,18

When clinical illness occurs, the incu-
bation period generally ranges from 2
to 14 days,3,4 but prolonged incuba-
tion periods of up to 21 days have been
observed among patients following or-
gan transplantation.16

West Nile fever is a mild illness, typi-
cally lasting 3 to 6 days. Symptoms are
of sudden onset and often include
malaise, anorexia, nausea, vomiting,
eye pain, headache, myalgia, and
rash.3,4,19,20,21 Upper respiratory tract
symptoms including rhinorrhea, cough,
and sore throat may occur, but a cause-
and-effect relationship has not been
proven.15,18,19,20 Lymphadenopathy and
the erythematous macular, papular, or
morbilliform eruption that can in-
volve the entire body were common
symptoms in earlier outbreaks, but are
now less frequently reported.1,3,4,19 The
proportion of infected patients devel-
oping West Nile fever has not been de-
termined precisely. A household-
based, serologic survey in New York
City suggested that approximately 20%
of infected individuals develop West
Nile fever.18 Among patients seeking
treatment at hospitals and clinics in
Czechland, approximately 40% of pa-
tients with serologic evidence of WNV
infection also had West Nile fever.22

Despite the increased clinical sever-
ity during recent outbreaks, less than 1%
of individuals infected with WNV de-
veloped severe neurologic disease (eg,
encephalitis, meningitis, or acute flac-
cid paralysis [AFP]).7,18,21 In recent out-
breaks, encephalitis-meningoencepha-
litis was reported more commonly than
meningitis alone.1,7,10 More than 90% of
patients with severe neurologic disease
have had fever, often accompanied by

severe weakness, gastrointestinal tract
symptoms, and headache.1,7,23,24 Move-
ment disorders may occur, such as
tremor, myoclonus, and parkinsonian
features including rigidity, postural in-
stability, and bradykinesia.6,23-25

Weakness from AFP is asymmetric, af-
fects the upper and lower limbs, and can
occur without overt meningoencepha-
litis.23-32 In addition to weakness, most
WNV-associated AFP is characterized by
hypoflexia or areflexia, acute bowel or
bladder dysfunction, and absence of pain
or acute sensory abnormalities; results
of CSF samples are often characterized
by an elevation of protein levels and
pleocytosis. Although intial reports at-
tributed AFP to Guillain-Barré syn-
drome,26,27 recent evidence suggests that
most WNV-associated AFP is caused by
the destruction of the spinal anterior
horn cells, resulting in a poliomyelitis-
like syndrome.24,25,28-32 Axonal and de-
myelinating neuropathy also has been
described.24

Descriptions of other neurologic
manifestations associated with WNV in-
fection include cranial nerve abnor-
malities,24,25 optic neuritis,33 and sei-
zures.24 Several ocular manifestations,
including multifocal choroiditis,34 vit-
ritis,35 and chorioretinitis,13,35 as well as
myocarditis, pancreatitis, and fulmi-
nant hepatitis also have been de-
scribed.3

Clinical Outcome
Case-fatality rates ranged from 4% to
18% among patients hospitalized dur-
ing recent outbreaks.1,7,10,24 During the
outbreak in the United States in 2002,
patients with meningoencephalitis had
a case-fatality rate of 9%. Advanced age
is the most important risk factor for
death. Among persons older than 70
years, case-fatality rates were 15% and
29% among hospitalized patients in Ro-
mania7 and Israel,10 respectively, and
21% among those with meningoen-
cephalitis in the United States in 2002
(Daniel O’Leary, DVM, oral communi-
cation, 2003, CDC). Encephalitis with
severe muscle weakness, change in the
level of consciousness, and history of
diabetes and immunosuppression are

possible risk factors for death and poor
neurologic outcome.1,10,16

Substantial morbidity may follow
hospitalization for WNV. At dis-
charge, fewer than half of patients hos-
pitalized in New York and New Jersey
in 2000 had returned to their previous
functional level, and only one third
were fully ambulatory.4 Only 28% of
surviving Canadian patients in one se-
ries were discharged home without as-
sistance and most had persistent neu-
rologic deficits 30 days after discharge.24

In Louisiana, 8 months after patients
were hospitalized for WNV, parkin-
sonism, tremor, and gait or balance ab-
normalities remained common neuro-
logic findings.25 Of interest, severe initial
encephalopathy did not necessarily por-
tend poor outcome.25 Patients who were
followed 1 year after infection during
the 1999 outbreak in New York City
were reported to have frequent persis-
tent symptoms, such as fatigue, memory
loss, and difficulty walking.36 Patients
with AFP due to the poliomyelitis-like
syndrome have shown to have very lim-
ited recovery.25,30

Pathogenesis
Following a mosquito bite, the initial
viral replication is thought to occur in
the skin and regional lymph nodes and
produces a primary viremia that seeds
the reticuloendothelial system.37 A sec-
ondary viremia then occurs which may
seed other organs and the central ner-
vous system (CNS).3 In otherwise
healthy individuals, WNV can be iso-
lated from serum samples several days
before illness onset, but viremia rap-
idly disappears after symptom onset
along with concomitant development
of IgM, IgG, and neutralizing antibod-
ies.3,4 Viremia can occur without sub-
sequent illness.17 Individuals who are
immunocompromised may develop
prolonged periods of viremia, which
have been documented to continue up
to 31 days after infection with WNV,
and may have delayed development of
IgM antibody and symptoms.6,16

The pathogenesis of severe infection
with WNV is poorly understood, but the
pronounced risk of neurologic infec-

WEST NILE VIRUS

526 JAMA, July 23/30, 2003—Vol 290, No. 4 (Reprinted) ©2003 American Medical Association. All rights reserved.



tion and death in elderly individuals sug-
gests a role for age-related factors such
as immune senescence or changes to the
blood-brain barrier. Studies in mice in-
dicate a critical role of the early anti-
body response in containing viral rep-
lication and limiting the dissemination
of WNV in the CNS.38 Three of 4 pa-
tients who were infected with WNV via
transplanted organs developed menin-
goencephalitis, indicating that admin-
istration of immunosuppressive drugs
may place patients at very high risk for
CNS disease.16 Recipients of blood trans-
fusions contaminated with WNV ap-
peared to be more likely to develop se-
vere neurologic disease if they had
underlying hematologic or advanced
solid-organ malignancies or had under-
gone previous organ, stem cell, or bone
marrow transplantation (Lisa Pealer,
PhD, written communication, 2003,
CDC). Studies in mice have indicated
that WNV strains differ in severity of
neurovirulence.39

Pathological observations in cases of
fatal encephalitis showed scattered mi-
croglial nodules and perivascular in-
flammatory infiltrates.24,40 Involve-
ment of the basal ganglia, thalamus, and
pons may account for the clinical find-
ings of tremor and parkinsonism.25

Pathological findings in 1 case of AFP
included focal loss of anterior horn neu-
rons, with gliosis, occasional presence
of macrophages, neuronophagia, and
perivascular lymphocytes.32

Diagnosis
Results from peripheral blood samples
show that total leukocyte counts are
mostly normal or elevated.3,4,25 Exami-
nation of CSF samples of patients with
meningoencephalitis or AFP show pleo-
cytosis usually with a predominance of
lymphocytes and elevated protein lev-
els.3,4,24,25 Computed tomographic find-
ings of the brain typically show no evi-
dence of acute disease.1,3,4,10,24,25 Findings
from magnetic resonance imaging scans
are normal in most patients, but can
show focal lesions in the pons, basil
ganglia, and thalamus, and enhance-
ment of the leptomeninges, the peri-
ventricular areas, or both.3,25

The diagnosis of WNV infection in
most clinical settings should be made
using serologic methods, particularly by
detection of IgM antibody in serum or
CSF samples using the IgM antibody-
capture enzyme-linked immunosor-
bent assay (MAC-ELISA).3,4 Since IgM
antibody does not cross the blood-
brain barrier, its presence in CSF indi-
cates infection of the CNS; at least 90%
of patients with meningoencephalitis
have demonstrable IgM antibody in CSF
samples within 8 days of symptom on-
set.36 The MAC-ELISA testing of sera
or CSF can be obtained through local
and state health departments. Prompt
reporting of cases of WNV infection will
facilitate activities of local public health
control services.

Individuals recently vaccinated for
yellow fever virus or Japanese encepha-
litis virus or individuals recently in-
fected with a related flavivirus (eg, St
Louis encephalitis virus or dengue vi-
rus) may have a positive WNV IgM an-
tibody test result.3,4 The plaque-
reduction neutralization test can help
distinguish false-positive results of
MAC-ELISA or other assays as well as
to help to distinguish serologic cross-
reactions among the flaviviruses. IgM
antibody may persist in serum for
longer than 500 days; therefore, per-
sistent IgM antibody from a previous
infection may be unrelated to the cur-
rent illness.41 A 4-fold or higher in-
crease in WNV-specific neutralizing an-
tibody titer in acute- and convalescent-
phase serum samples is considered
confirmatory of acute infection.4

Although the low sensitivities of vi-
ral isolation, nucleic acid amplifica-
tion, or antigen detection assays pre-
clude their use for routine clinical
diagnosis, nucleic acid amplification
tests will be introduced for blood do-
nor screening in 2003. These tests also
may prove useful in immunocompro-
mised patients when antibody devel-
opment is delayed or absent.16,24

Treatment and Prevention
Treatment of WNV infection is sup-
portive. No controlled studies to date
have assessed the efficacy of ribavirin,

interferon, gamma globulin, steroids,
antiseizure medications, or osmotic
agents in the treatment of WNV en-
cephalitis. An inactivated WNV vac-
cine is available for horses, but human
vaccines are unlikely to be available for
several years. Personal protection to
avoid mosquito exposure, including us-
ing repellants containing diethyltolua-
mide or permethrin, is a mainstay of
prevention.3,4 Draining standing wa-
ter where mosquitoes are likely to breed
and instituting community mosquito
control programs are recommended.

Future Perspective
In North America, WNV and St Louis
encephalitis virus share similar avian
hosts and amplifying mosquito spe-
cies.3,5 These ecologic similarities sug-
gest that the 2 viruses may share a com-
mon epidemiologic pattern. The wide
distributions of WNV in Asia and
Africa3,4 and St Louis encephalitis virus
in North and South America12 suggest
that WNV will spread widely in the
Americas. In the United States, St Louis
encephalitis virus produces sporadic
cases of infection as well as local and re-
gional outbreaks that are difficult to pre-
dict, resulting in highly variable an-
nual incidence rates ranging from a
handful of cases to nearly 2000 cases that
occurred during the 1975 epidemic.3,12

However, WNV produces extremely
high-level viremia in common bird spe-
cies,5 many mosquito species harbor
WNV,2 and human infections continue
to occur in subsequent years after its in-
troduction in an area. These facts sug-
gest that WNV has greater epidemic po-
tential than St Louis encephalitis virus
and is likely to challenge clinicians and
public health officials for years to come.
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All true knowledge contradicts common sense.
—Mandell Creighton (1843-1901)
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